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System and Meth od for Associating Container Defect Information to a Specific 
■ ^Paft^^of^ - ^ 

CROSS-REFERENCE TO RELATED APPLICATION 

5 This application claims the benefit of U.S. ProAdsional Application Serial No. 

60/425,023, filed November 8, 2002, the entire disclosure of which is incorporated 
herein by reference. 

Field of the Invention 

10 The present invention relates to a system and method for correlating containear 

defect information to a specific can body maker. More particularly, the invention is 
directed toward pro^oding a container code formed in the sur&ce of a metal container to 
identify the machine (e.g. body maker) or press from which the container was produced. 
The code preferably comprises a fiducial, or reference, ntiaiker and suitable additional 
15 code to produce an adequate number of codes necessary to identify machines or presses 

of origin. The codes can then be used during inspection to determine a path of 
manufacturing, or a source of origin (e.g., originating machine), of the particular 

containers and accumulate quality information relative to the sources of origin of those 

containers. 

20 

Background 

By way of background, the use of machine vision systems to inject the quality 
of manu&ctured contains is well known in the art For ooux^le, U.S. Patent Number 
4,882,498 entitied *?idsed-Array Wiieo Inspection Lighting System" discloses the use 

25 of an engineered solid-state illuminator in automated container inspection systems, an 
improvement to the prior art. Additionally, the extension of automated inspection 
equ^ment to include the function of correlating container defect information to specific 
machine entities used in the manufacturing process is evident in the existing art. As an 
esQunple, U.S. Patent Number 5,591,462 entitied "Bottie Inspection Along Molder 

30 Transport Path" describes an inspection system for molded plastic or PET contains 
that identifies container defects and allows those defects to be directly related to a 
machine entity assodated with the containers formation. In this system, container 
defects can be correlated to the mold cavity, machine transfer arm, or machine spindle 
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used to form a specific bottle. This invention achieves the coirdation fiincdon by way of 
its close physical coupling to the mami&cturing process. The vision system is installed 
within the botde molder and a series of pro»mity or plioto-^e sensors are used by the 
inspection system to keep track of bottles and die machine entities used to form or 
5 handle them. 

Also in the area of automated infection of molded containors, Patent 
Number 5,926,556 entitled ''Systems and Methods for Identifying a Molded Container" 
describes a system wherdn a machine-readable code is included in the bottom portion of 
a molded container durixig the process of container formation. The code uniquely 

10 identifies the mold of ori^ of the container. This machine-readable code is viewed 
downstream of the molding operations by an autcmiated inspection system zSbeir they 
have been serialized by the material handling system used in a particular plant into a 
single randomized stream of containers. This prior patent relates specifically to a system 
for molded containers and cpntsdns no specific provision for integrating the code reading 

15 function of a machine vision system, for reading codes stamped in metal containers, with 
a parallel defect detection functionality. The codes disclosed by the prior patent do not 
include a fiducial Also, because molded containers are described in this prior patent, 
there is no provision for determining the source of origin of the container relative to 
different machines, as opposed to mold cavities, that form the containers 

20 The present invention addresses these concerns and others. 

Summary of the Snvention 

The present invention relates to a system and method for correlating container 
defect information to a spedfic can body maker. 
25 It is an object of this invention to provide a system and method of idenfifying and 

correlating to machine entities manu&cturing defects occurring in metal food and 
beverage contains. 

More specifically, it is an object of this invention to provide a system smd 
method of identifying and correlating contains defect information to the spedfic body 
30 maker or deep drawing/ironing press used to form a specific container. The manner in 
which the machine entity-of-origin is to be determined is via a imique machine-readable 
code formed into the bottom sur&ce of the food or beverage container during its 
formation. 



wo 2004/044550 



3 



PCT/US2003/035559 



Another object of the invention is to implement a machine vision system in a 
manner that is both cost*-effective and spatially efficient to ^cilitate deployment within 
the existing &cilities of can forming operations. 

Therefore, in one aspect of the invention, the system comprises a conveyor 
5 operative to convey a metal contains having formed in a sur&ce thereof a code^ the 
code being tmique to a source of origin of the metal containers, an inspection zone into 
-v^ch tbe metal container is conveyed, an illuminator operative to illuminate the metal 
contains in the inspecdon zone, an imaging system operative to acquire information on 
dejects and the code and a processor operative to process the information on the defects 
10 and the code to generate quality status information relating quaUty of the metal container 
to a palh of manu&ctoring, or a source of origin, 6f the metal container. 

liL another aspect of the invention, the code comprises a fidudal and a 4-bit 
binary code. 

In another aspect of the invention, the code is machine-readable or human- 
15 reiadable. 

In another aspect of the invention, the code is formed in a base region of the 
metal container and is readable from the interior of the container. 

In another aspect of the invention, tiie imaging system is operative to inspect the 
defects at a first exposure level and to inspect the code at a second exposure level. 
20 In another aspect of the invention, the imaging system comprises a beam splitter, 

a lens and a camera to determine defects and the code by separating reflective light 
generated by the illuminator into two separate images or channels. 

In another aspect of the invention, the imaging systiem uses spectral filtering to 
separate a recdved inmge into nsultiple video iniages or channels^ 
25 In anothi^ aspect of the invention, the imaging system conaprises a high-speed 

camera and a lens to sequentially acquire a defect attribute image and a code image. 

In another aspect of the invention, the imaging Systran comprises multiple 
cameras to simultaneously acquire a defect attribute image and a code image. 

In another aspect of the invcaition, the method con^rises forming a code in a 
30 sur&ce of a metal container, the code being unique to a source of origin or the flow path 
through the manu&ctuting process of the metal container, conveying the metal container 
into an inspection zone, illuminating the metal container in the inspection zone, 
inspecting the metal container to determine defects in the container, inspecting the metal 
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coxitaiiier to detemune the code and accumulating quality status control infbrmadon 
based on the defects and the code. 

In anoth^ aspect of the invention, the forming comprises u^ng press-spedfic die 

sets. 

5 In another aspect of the invention, the code comprises a fiducial and a 4-bit 

binary code. 

In another aspect of the invention, the forming cont^rises forming the code in a 
base r^on of the metal container. 

In another aspect of the invention, inspectixig the metal container for defects 
10 comprises inspecting at a first illumination exposure level and inspecting the metal 
container for the code comprises inspecting at a second illumination exposure level 

In another aspect of the invention, inspecting of the container for defects and the 
inspecting of tiie container for the code comprises using spectral filtering to separate a 
lecdved image into mul^le video channels. 
15 In another aspect of the invention, the inspecting to determine defects and the 

inspecting to determine the code comprises using at least one high-speed camera and a 
lens to simultaneously or sequentially acquire a defect attribute image and a code image. 

In smother aspect of the invention, the inspecting to determine defects and the 
inspecting to detennine the code comprises separating reflected ligiht resulting firom the 
20 illuminating into two separate channels using abeam splitter. 

In another aspect of the invention, the system comprises means for 
acconQ>lishing the method according to the present invention. 

An advantage of the present invention is that it allo^ container defect 
information to be associated to its source of origin so that process correcdon or 
25 improvenimts ntiay be effidentiy accomplished. 

Another advantage of the present invention is that it alloiws correlated defect 
inspection to be performed in a more cost-effective manner. 

^Another advantage of the present invention is that it uses the same machine 
vision system(s) to perform both defect attribute detection and container code processing 
30 fonctions for every container that passes through the line. 

Another advantage of the invention is to provide a more distinctive mark that can 
be readily decoded and interpreted by the machine vision system but, in some fbnris, is 
still human readable. 
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Another advantage of the invention is that the code's small size and centered 
location will minimize illumination arti&cts visible off the container sidewalls while 
mot materially con^romising the structural int^rity of the container. 

Another advantage of the invention is that tiie code can be easily decoded and 
S interpreted when present at any arbitrary rotational angle to the system's imager or 
camara 

Another advantage of Hbe system is the ability to ''close the loop** to alert a 

hli^an operator as tn hnw tn finrreri: fhft Tnanlifacfairitig prnnPLOR 

Another advantage of the system is the ability to "close the loop" to correct the 
10 manufacturing process automatically. 

Another advantage of the invention is the ability to show and conmmnicate the 
correlated defect attribute information in a mde range of venues and formats to be easily 
understood and quickly utilized. 

Yet another advantage of the system is to correlate defects or problems to the 
15 coirect trimmer machine. 

Fmther scope of the applicability of the present invention will become apparent 
from the detuled desoiptions provided below, it should be understood, however, that 
the detailed descriptions and specific examples, while indicating preferred embodiments 
of the invention, are given by way of illustration only, since various changes and 
20 modifications within the spirit and scope of the invention will become apparent to those 
skilled in the art 

Detailed Description of the Drawings 

The present invention exists in the construction, arrangement, and combination 
25 of the various parts of the device, and steps of the method, whereby the objects 
contemplated are attained as hereinafter more fully set forth and illustrated in the 
accompanying drawings which: 

Figure 1 is a diagram showing a candidate machine^readable code according to 
the present invention; 

30 Figure 2 is a diagram showing a cross-sectional view of a typical metal bevCTage 

container; 

Figure 3 is a block diagram illustrating a machine \dsuLon systean according to the 
pr^ent invention; 
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Figure 4 is a block diagram illustrating an alternate implementation of a machine 
vision system according to the pres^ inventioi^ 

Figure 5 is a block diagram illustrating yet another alternate implementation of a 
machine vision system according to the present invention; 
S Figure 6 is a flow chart illustrating a machine vision method according to the 

present invention; and. 

Figure 7 is a block diagram of a system incorporating the present invention. 

Betailed Description of the Invention 

10 The present invention is directed to an apparatus and method for using machine 

vision systems to identify defect information related to a formed metal container and 
then associating that defect information to the container's body maker, trimmer. or other 
machinery in the .mami&cturing path througji the factory. The .disclosed .invention 
consists of modifying the die sets used to form the bottom portion of a two-piece food or 

15 beverage container to include a unique surface relief pattern or code. The coded marks 
can be either concave or convex in the bottom of the container and can be obtained by so 
modifying the doming punch accordingly. The code design or pattem is preferably 
chosen so as to fiunlitate unambiguous detection and decoding operations by a machine 
vision system. Preferably, the code provides good visual contrast to the machine vision 

20 system, is decodable by the system using a minimum of processing ttme^ does not 
significantly interfere with ^ ability of the machine vision system to detect defects that 
are present, does not in any way interfere with the form, fit, or fimction of the container, 
is readable by hum a ns in at least some forms and is ine9q>ensive to retrofit into existing 
doming punches or dies. Once ^coded in this fiishion, containers formed by multiple, 

25 parallel-operating body makers or presses can be serialized into a singl&-file, high-speed 
conveyance line as is typical at many points within plants. At this stage of the 
manufacturing process, machine vision systems are typically used to perform lugh-speed 
defect attribute inspection on the serial can stream. It is the intention of this invention to, 
at this same inspection station but preferably at a difiFerent illumination exposure level, 

30 through direct inria gin g techniques determine the identij^mig container code indicating its 
original body maker or press of origin. Through this information, the trimmer of origin 
can also be determined and corresponding defects can be tracked. This, then, allows 
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containa- defect information to be correlated to its manufectuiing path or source of 
origin so that process correction or improvements may be efiBdently accomplished. 

Referring now to the drawings herein the showings are for the purpose of 
illustrating preferred embodiments of the mvention only and not for limiting the same, 
5 Figure 1 shows a candidate machine-readable code 10 according to the present 
invCTtion. This example code conrists of a fiducial element 11 that is used to locate and 
orient on a 4-bit binary code con:5)osed of a rectangular pattern of up to fijur dots 12. 
Also illustrated in Figure 1 is a top view of a donung punch 9 having the example code 
10 formed thereon. The code 10, or other codes, are formed on the doming punch in 
10 manners that will be apparent to those skilled in the art It is to be understood that a 
doming punch is shown as an example. Other stampmg and impressing hardware may 
be implemented. Of course, it should also be understood that sudi a doniing punch (or 
other hardwM-e) will typically be included within machinery to form metal containers. 
Although not drawn to scale, the doming punch 9 has the code 10 fiarmed in an area 8 
15 (shown by the dashed circle for illustration purposes) that corresponds preferably to an 
.asdally centered region 24 of the dome of the container (which is described in Figure 2). 
As a result, where the doming p\mch stamps the code in the container, the code is 
preferably totally contmned within the axially centered region in the dome. Preferably, 
this region is circumscribed by a circle having a diameter of approximately 12mm. 
20 Moreover, the code, once stamped or impressed into the container, is preferably readable 
from the interior of the contains. 

Using this scheme (as shown as an example in Figure 1), up to 16 unique product 
codes can be produced as indicated in Figure 1. Of course, amilar schemes could be 
used provided that a fidudal or reference marker to determine orientation of the 
25 container is included in any such similar code or a code may be used which does not 
require, an orientation determination before readmg. It should also be appreciated that 
Ihecodesmay vary with respert to hunianreadabiUty from appUcation to appUcati^ In 
some drcumstances, it may be preferred to use a code that is ea^ly read and understood 
by Ip imflTig such as a code of a fiducial and a number of dots corresponding to a source 
30 of origin or path of manufacture. In other circumstances, the codes may be less readable 
by humans. It depends on the objectives of the users and the system. Designed in this 
feshion, the identifying code can be quicldy deduced using modified algorithms that 
were ori^nally designed primarily for defect attribute detection. Algorithms as 
desoibed herein are well known in the art 
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Typically, the system is operative to obtain an image of the container under 
inspection and, when determining the code, uses the fiducial to properly orient the image 
so that a proper conq}arison of the imaged code can be made to stored information, or 
codes. With proper oriexttadon and comparison, a manufitctuiing path or the source of 

5 origin of an imaged container can be detemuned. It is llie intention of this invention that 
an identifying code as indicated in Figure 1 be stanq>ed into the confainer as a sur&ce 
relief attribute on the container bottom using press-spedfic ctiies. It should be 
appreciated that other known techmques for forming a sur&ce relief code in a metal 
coixtaina: sur&ce may be used. 

10 Referring now to Figure 7, a manufacturing system for producing metal 

containers, stamping or impressing container codes within those containers, inspecting 
the containers to determine codes and defects, and associating those containers to paths 
of manufecturing or sources of origin based on the codes to generate quality status 
information is illustrated More particularly, a system 1000 is shown wherein objects or 

15 containers are conveyed along paths shown at 120. As illustrated, these containers (or 
cups), in some form, are processed through body niaker machines 500 and body trimma- 
machines 600 on a plurality of parallel paths, as is known The containers are then 
merged onto a single path and processed throu^ other processing machines 300 and, 
ultimately, provided to an inq>ection and/or imaging system 400 having an inspection 

20 zone 130. It is to be appreciated that the containers are stanq)ed with a container code, 
such as those as shown in Figure .1, in the body maker machine 500. Preferably, the 
code is stamped in a location in the container such the structural integrity and 
inspectability of the container is maintained. The dies or doming punches (such as a 
doming punch 9) are modified, as shown in Figure 1, by any known means, so that tiie 

25 appropriate code is pressed or stamped ixito the containers. This allows for the 
determination of the. source of origin or the manufacturiiig path o£ the particular 
container to be idmtifiable at the inspection zone 130. Of course, the path of 
manufacturing and corresponding system components illustrated in Figure 7 are merely 
illustrative and could otherwise take a variety of forms. For example, the number of 

30 operating body makers may vary substantially (e.g., fix)m several to sbcteen), depending 
on plant configuration and product needs. 

Referring to Figure 2, the placement of a code, or container code, according to 
the present invention, would preferably be on the can bottom, m a small central base 
region 24 that is co-linear with the can axis. Placed in this location, the code attribute 
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would intei&Fe in a minimal fiushbn with ability of the machine ^ion system to 
inspect the container for defisct attributes. In this regard, the central base region 24 is 
preferably of a size so that illmninating the code does not create ghost images on the 
sidewall from disturbances to rejections of the illumination source that is illuminating 
S through the opening of the contains or can. Preferably, the code is totally contained 
within an axially centered region in the dome of the bottom of the container which is 
circumscribed by a circle having a diameter of approximately 12mm. Figure 2 provides 
a schematic outline of a two-piece beverage can body 20 being imaged by an imaging 
lens/camera combination 21. Using this inspection configuration, which is typical of 
10 prior art deployments of automated container inspection systems, a region of zero base 
reflection oflF the container sidewall 23 is foimd in the central base region 24. Outside of 
the central base re^on 24, container attributes (both functional such as an identifying 
code, as well as defect attributes) show up in subsequent images of the sidewall 23 
portion of the container 20. If allowed to overflow out of the central base region 24 of 
15 the container 20, an idenrificarion code would beg^i to limit the signalrto-noise ratio 
associated with finding d^ct attributes in other regions of the can. Therefore, the ability 
of the machine vision system to inspect the container 20 in both the base re^n 22 
(wherdn the code was placed) as well as the sidewall region 23 would be adversely 
affected and would coniplicate or compronuse the inspection process. 
20 Additional incentives for locating an identifying code 10 in the central base 

re^on 24 of the coi^ainer 20 is drawn &om the fact that the central base r^on 24 is the 
least worked portion of the container in regards to metal d^rmation. As such, container 
defects rarely occur in this r^on of the container, thus redudng the need to perform 
defect attribute inspection in this region. Placement of a identifying code does not 
25 completely eliminate the ability to inspect the container in the region wherein the code is 
placed. By executing processing algorithms that compensate for the presence of the code 
attributes, it is possible to enact a degree of inspection not present in state-of-the-art 
container inspection systems. This improvement is achieved by having an image to 
inspect which is devoid of optical saturation in the area of the contains central bottom, 
30 as is typical in state-of-the-art machine vision systems. 

Figure 3 provides a schematic outline of a preferred embodiment of the disclosed 
invention. In Figure 3, a container 20 (having a container code 10 appropriately placed 
thereon using a variety of known techniques, including those mentioned herein, to 
indicate its original body maker or press of origin) undergoing inspection is transported 
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into an inspection zone 130 via some means of object conveyance 120. There are various 
types of part or object conveyor systems that have been constructed and are well known 
in the art When the container 20 to be inspected is within the inspection zone 130, a 
spectrally and spatially configurable iUumination field 140 is generated by the solid-state 

S illuminator 50 and directed onto the container 20. The solid-state illuminator SO is 
constructed out of an array of individual LED's 60. Placed physically tog^er within die 
solid-state illuminator 50, it is possible to generate a large variety of output iUumination 
fields 140. By varying the number and type of LED's 60, the various drive currents 
supplied to the LED's 60, or the pulse duration applied to the LED* s, illummation fields 

10 140 of infinitely configurable content can be produced via the linear superposition of the 
individual LED spectra. The illuminator 50 implemented in the embodiments described 
(e.g. Figures 3, 4 and 5) includes in at least some fonns solid state illumination arrays 
and is positioned to illuminate the interior of the container. Prefarably, reflected 
illumination is used to implement the system. 

15 Also included within the preferred embodiment of the soEd-state illuminator is a 

diflEiiser 150. The diffixser 150 homogenizes the emitted illumination fields 140 in 
regards to their spatial uniformity. In many automated measurement or inspection 
applications, spatially uniform ilhunination fields 140 are required for optimum system 
operation. 

20 In the prefissrred embodiment of the disclosed invration, the LED's are deployed 

in a three-dimensional shape ^iproximating a hemisphere. This shape of illuminator is 
well known in the art having the properties of generating highly uniform isotropic 
illumination. This ^e of illumination is preferred for many classes of inspection or 
measiirement applications. However, other LED array configurations such as flat panel 

25 arrays or annular riog lights find usefiil application in oth^ cases. The spirit of the 
invention includes the implementation of the solid-state illuminator SO using these 
attemate physical configurations. 

After reflecting off of the container 20 under inspection, reflected light 141 is 
directed first in the direction of the solid-state illuminator 50 and on through to abeam 

30 splitter 30. The beam splitter 30 is used to selectively direct the reflected light into 2 
different images or dhannels. One image or channel is the defect attribute image or 
channel 142 while the other image or channel is the container code image or channel 
143. Beam splitters 30 as indicated herein are well known in the ait, being deployed in a. 
variety of state-of-the-art machine vision systems for a variety of reasons. Such beam 
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Splitters 30 can be designed and manufactured with a variety of reflection/transmisaon 
specifications. It is typical in many machine vision systems to use a 50/50 beam splitter 
design. With a 50/50 beam splitter, half of the inddent light or eneigy is transmitted 
through tiie beam splitter while the other half of inddent Ught is reflected off the 
5 inddent surface. In the preferred embodiment, it is envisioned that the ideal beam 
splitter construction would differ from a 50/50 device. When illuminated from above as 
indicated in Figure 3, the reflected illumination fields assodated wifli metal ft>od or 
beverage container are very non-uniform as a fimction of container radius. There is an 
order of magnitude diflFerence in the reflected intensity as one moves about along the 
10 inside can sur&ce. More q)ecifically, the reflections coming finom the container bottom, 
located normal to the optical axis of the system are very strong. In contrast, the amount 
of light glancing oS of the container sidewalk in the direction of the optical axis of the 
ima^g system is quite low. As such, dififerent illumination raposure levels necessarily 
need to be used for the defect attribute image or channel 142 as compared to the 
15 coiitamer code image or channel 143 in ord^ that the container code image or channel 
143 be acquired out of optical saturation. To this end, it is envisioned that a higher 
percentage of incident illumination will need to be directed by the beam splitter 30 in the 
direction of the defect attribute image or channel 142. Beam splitter ratios of 70/30 or 
80/20 are likely to be used in the preferred embodiment. 
20 Returmng to Figure 3, two imaging lens 70/ camera 40 combinations are used to 

receive light reflecting off the container 20 under test. The type of imping lens 70 used 
in the disdosed mvention is wdl known in the art In general, the imaging lens 70 needs 
to operate within the ^ible spectrum and be able to form an image of an object or a 
scene at its bade focal plane. 
25 In the preferred embodiment, both cameras 40 (the one assodated with the defect 

attribute channd 142 and the one assodated with tiie container code channel 143) send 
image ^ata to an image processor 80. Altetnatdy, based on the discretion of tiie 
implement^ the two image signals produced by the cameras 40 can be directed to a 
video multiplexing module 160 that acts to dectronically combine the two independent 
.30 video streams into a single compound video dianneL Video multiplexers 160 as 
described herdn are well known m the art. By multiplexing the defect attribute image 
142 and the container code image 143 into a single video channel, the cost of a suitable 
machine vision system enable of identifying and assodating container defects to the 
body maker or machinery of origin can be further reduced. 
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In ttie preferred embodiment, the image processor 80 receives a signal from a 
part {TOsence medianism 90 that indicates to it that a container 20 is about to pass 
thrcrug^ the inspection zone 130. Part presence mechanisms 90 such as photo-eyes are 
well known in the art aiid are deployed in many applications within many dififeient 

5 industries. After p^orming some time-based or movement-based timing op^ations 
designed to accurately place the dynamic container 20 in the escact cent^ of the 
inspection zone 130, the image processor 80 issues control dgnals to both cameras 40 
and the solid-state illuminator 50. These signals are used to enable the acquisition of 
both defect attribute and container code information. Once processing operations on the 

10 raw data have been completed and the quality status of the container 20 has been 
determined, a signal is issued by the imaging processor 80 to a status enunciator 100. 
The status enunciator 100 could be implemented as a rejector that physically removes 
parts detennined to be below, or alternately above, a predetermined quality standard. 
Alternately, the status enunciator 100 could be implemented as a type of audio or visual 

15 warning signal indicative of part quality. 

In the case of machine vision systems that are capable of accumulating quality 
status information as a function of machine manu£Eicturing path or machine entities, the 
presentation of -tiie correlated quality status r^ort is preferably presented in the 
graphical or tabular form. In these cases the preferred ^bodiment of the status 

20 ^uinciator 100 is either a graphical display noonitor such as a hCD or CRT monitor. 
Alternately, the status indicator could be implemented as printer device capable of 
generating printed hardcopy reports of the correlated quality status reports. The ability to 
graph current or historical defect rates as a function of machine entity is a primary 
output of this class of machine vision system iii addition to the fundamental notification 

25 or regection of defective containers. 

Figure 4 provides a schematic outline of an alternate embodiment of the 
disclosed invention. In this iniiplementation, a muld-chanhel camera 170 is used to. 
obt^ both the defect attribtite and container code image information. Multi-channel 
cameras are well known in the art (^ically implemented as Red/Green/Blue RGB 

30 cameras). Cameras of this type use spectral filtering techniques within the camera 
housing to separate the received image information into multq>le video channels. By 
care&Uy configuring the images of the multi-chaimel camera 170 in coordination with 
the solid-state illuminator 50, it is possible to simultaneously receive within a multi- 
channel camera 170 both a defect attribute image as well as a container code image. 
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These two images are then routed to an image processor 80 or, alternately, a video 
multiplexing module 160 as described previously. 

Figure 5 provides a schematic outline of yet another alternate embodiment of the 
disclosied invention. In this implementatLon, a single, high-speed camera 180 is used in 

5 coiijunction with an imaging lens 70 to sequediaUy acquire both a defect 

and a container code image for each container 20 that passes through the inspection zone 
130. Bigh scan rate cameras 180 as discussed h^ein are well known in the art 
Specifically, CMOS imagers are commercially available that support die integration and 
docldiig-out of image data within 2 milliseconds. Image acquisition speeds of this 

10 magnitude support the prospect of capturing 2 ind^endent images for the same part 
using the same camera 180 as the part passes dynamically through the inspection zone 
130. CMOS imagers support configurable signal integration times that can be changed 
on the fly. This, in combination with on-the-fly configurable solid-state illumination 
support the acquisition of both a preferred defect attribute image as well as an out of 

15 saturation container code image without reqmring the use of filters or beam splitters. 

Keferring now to Figure 6, one preferred automated inspection method 200 
reflecting the basic steps of operation is shown. It should be understood that the 
containers that are contenq)lated for inspection under the tft?riiiiT!gi? of the present 
invention are formed with the container code included in a sui&ce tiiereof rising any of a 

20 variety of techniques that are well known, including those specifically mentioned herein. 
The forming of the code in the sur&ce of the container occurs prior to the container 
being conveyed into the inspection zone. Once conveyance begins, the container 20 
under test (and having the container code 10 thereon) is eventually detected i^proaching 
an inspection zone 130 (step 205). The image processor 80 pecjfonns detailed time- or 

25 movement-based positioning of the container 20 under test to place it in the center of an 
inspection zone 130 (step 210). The image processor 80 thm sends control signals to the 
canfieras 40 associated with both the defect attribute data and the container code data as 
well as to the solid-state illuminator SO. This starts the image acquisition process (step 
215). In response to the control signals applied by the image processor 80, the solid-state 

30 illuminator 50 acts to illuminate the container 20 under test with illumination fields (step 
220). Preferably, the light originates in an area near the lens of the imaging system to 
provide reflected illumination of the interior of the container (e.g. fi'ont lighting as 
opposed to transmissive backlighting). Light reflecting 141 off the container 20 under 
test is then separated into 2 channels, the defect attribute channel and the container code 
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channel, by a beam splitter 30 (stq) 225). The reflected image data assodated with both 
the defect attribute chaxmel as well as the container code chaimd is received by an 
ixnaging lens 70 (step 230). Two images are amultaneously formed by suitable spatial 
Ught recordCTB contained within the system's cameras 40 (stq) 235^^ 

5 by the cameras 40 are sent to a image processor 80 (step 240). The image processor 80 
processes the raw data into quality status information related to the container 20 xmder 
test (step 245). Included in the status information related to the container 20 under test is 
data relating part quality to the specific body maker, press, trimmer or other machinery 
that formed the part, based on the container code of the part. Finally, the image 

10 processor 80 sends the quality status information related to the container 20 und^ test to 
a status enundator 100 (step 250). 

Of course, it should be appreciated that similar methods using the systems 
described in connection with Figures 4 and 5 are contemplated. Such methods may vary 
slightly from that described in connection with Figure 6. For example, steps 225, 230, 

15 235 and 240 may well be modified or replaced with steps designed to allow cameras 
170, 180 to receive reflected light and appropriately provide data to the processor 80 
(consistent with that which is described in connection with Figures 4 and 5). It should 
be finther appreciated that all such methods (and the corresponding systems) according 
to flie present mvendon may be implemented using a variety of software tecdmiques and 

20 hardware implementations that will vary from implementation to implemratation. 
It should be recognized that a system to perform the ms^^ 
as herein described could comprise a single processor or separate multiple processors 
which have been configured and programmed to communicate the rdevant results 
between them. It still can be regarded as a "system" as specified hereiiL 

25 While particular embodunents have been described, alternatives and/or 

substantial equivalents may become apparent to those skilled in the art. The invention 
described h^dn encompass all such Embodiments. 



